Agrobacterium rhizogenes strain MAFF 03-01724 isolated from a diseased melon plant
MATERIALS AND METHODS General methods. As described were culture media, chemicals, enzymes, and procedures for transformation of Escherichia coli, bacterial conjugation, preparation of plasmid DNA, DNA cleavage with restriction enzymes, purification of DNA fragments, and ligation of DNA fragments16,19). Electrophoresis of DNA was carried out on 0.7% agarose gel for 4hr at 80V in TAE buffer (40mM Tris-acetate, 2mM EDTA, pH 7.6).
Bacteria and plasmids. Agrobacterium rhizogenes strain MAFF 03-01724 isolated from a diseased melon plant in Japan17) was used in the present study. A. tumefaciens strain LBA4404 (Toyobo Co., Ltd.) was used for infection on plants. The E. coli strain JM10921) was used for construction of recombinant plasmids. The E. coli strain RK2013 (Toyobo) was used as a helper bacterium for plasmid transfer from E. coli strain JM109 to A, tumefaciens strain LBA4404. Plasmids described below were introduced to these bacterial strains by transformation as needed. Plasmids used were a binary vector pBIN19 (Toyobo) and E. coli cloning vectors pUC18 (ampicillin-resistant) and pHSG298 (kanamycinresistant) (Takara). The recombinant plasmid pRIB106, a clone in plasmid library, carried a portion of the pRi1724 T-DNA on the BamHI site of pBR329 as described in our previous paper19).
Plasmids carrying a portion of the pRi1724 T-DNA region are shown in Fig. 1 . Their vectors were pBIN19 for the three pRTBI plasmids (pRTBI5, 9, and 19), and pHSG298 for pRTB plasmids (pRTB5, 9, and 19) and pRTE7.6. The plasmid pRIB106 carries a portion of the pRi1724 T-DNA consisting of the three BamHI fragments with sizes of 13.5kb, 9.5kb, and 5.5kb19) ( Fig. 1 ). Its subclones, pRTB5, pRTB9, and pRTB19 contained 13.5-kb, 9.5-kb, and 5.5-kb BamHI fragments, respectively, on pHSG298 ( Fig. 1) . These plasmids such as pRTBI5, pRTBI9, and pRTBI19 were the same as these subclones except that their vectors were pBIN19. Another pRIB106 subclone was pRTE7.6, which was made by joining pHSG298 with a 7.6-kb EcoRI fragment (see Fig. 1 ).
Both of pB330D and pB216D were deletion derivatives of cosmid clones, pBANK330 and pBANK216, carrying a portion of the pRiA4b TL-DNA13). Recombinant plasmids of pROLA, pROLB, and pROLC were constructed by cloning their subfragments on pUC18, and used for rolA, rolB, and rolC probes, respectively. The DNA regions carried by these clones are indicated in Fig. 2 .
Southern-blot hybridization. An ECL gene detection kit (Amersham) was used for DNA labeling, Southern blot, and detection of target sequences according to the supplier's directions. A nylon membrane (Hybond-N+, Amersham) was used for blotting. Chemiluminescence signal bands were 
RESULTS

AND DISCUSSION
Ability of root induction by DNA fragments from pRil 724
A 30-kb region of pRi1724 carried by pRIB106 was extremely close to the core TL-DNA region of pRiA4b19). For further dissection of this region, the three Bam HI fragments, 13.5kb, 9.5kb, and 5.5kb (Fig. 1 ) on pRIB106 were separately inserted into pBIN19, and the resulting recombinant plasmids were named pRTBI5, pRTBI9, and pRTBI19, respectively.
Each of these three plasmids were introduced into A. tumefaciens strain LBA4404 by the triparental mating method10). A. reptans and N. tabacum were inoculated with the plasmid-carriers.
In the case of A. reptans, all of the three plasmid-carriers developed adventitious roots though the pRTBI9-carrier gave more intensive results than the pRTBI5and pRTBI19-carriers ( Fig. 3) . These induced roots could be cultured on MS medium for so fairly long period as roots made by infection with the parental A. rhizogenes strain 1724 (data not shown). However, growth of the former roots were generally less vigorously than that of the latter roots (data not shown). In the case of N. tabacum, adventitious root formation occurred only with the pRTBI9-carrier infection ( Fig. 4 ). In addition, the initiated roots were feeble, and could not be maintained on MS medium. The difference of hairy-root-initiation between these plants may depend upon their original rooting- a) The numerals with underline represent the fragments hybridized with probes.
responses to infection of strain 1724; that is, the response in A. reptans was higher than that in N.
tabacum (unpublished results). Also, it is likely that strain LBA4404 was difficult to infect N. tabacum used in this experiment. Anyhow, the results as described above are consistent with the view that the principal gene responsible for root induction on plants is located in the 9.5-kb BamHI fragment although the accessory functions enhancing the root-inducing ability are directed from both of the 13.5-kb and 5.5-kb BamHI fragments. Besides, it is likely that DNA regions outside of this 30-kb region contains genes which magnify the pathogenic activity. Since mikimopine was not synthesized in the roots induced by the pRTBI-carriers, a gene (or genes) directing synthesis of mikimopine appears to be present outside of the 30-kb region.
Similarity between the pRi1724 and pRiA4b T-DNAs To identify whether the 30-kb region of pRi1724 T-DNA contains homologs of the rolA, rolB, and rolC genes of pRiA4b, Southern-blot hybridization experiments were done using the DNA fragments carrying each of the three rol genes of pRiA4b as probes. The results (Fig. 5 ) indicated that the 9.5-kb BamHI fragment and the 7.6-kb EcoRl fragment are hybridized with all of the three probes. We thus concluded that the three rol homologs are located within the 6.4-kb EcoRI-BamHI region of pRi1724 (see Fig. 1 ).
Assignment of three rol homologs of pRi1724
In order to precisely localize the pRi1724 rol homologs, the 7.6-kb EcoRI fragment was cleaved by digestion with either each of ApaI, BamHI, BglII, KpnI, NaeI, and SplI (Fig. 6a ) or their various combinations (Table 1) , and a fine restriction map of the 7.6-kb EcoRI fragment was constructed ( Fig.  7) . After separation by gel electrophoresis, the subfragments were blotted and then hybridized to the three rol gene probes as in the preceding section ( Fig. 6b-d) . The rolA probe hybridized with 1.9-kb (ApaI), 3.2-kb (BglII), 2.8-kb (EcoRI-KpnI), 2.0-kb (NaeI) and 2.6-kb (EcoRI-SplI) fragments showed strong homology, while 1.0-kb (ApaI) and 1.5-kb (EcoRI-NaeI) ones showed weak homology (Fig. 6b) , indicating that the pRi1724 rolA homolog is located on the 1.0-kb NaeI-SplI region and probably extends to its left side. The rolB probe was close to 1.9-kb (ApaI), 3.2-kb (BglII), 2.5-kb .(KpnI), 2.0-kb (NaeI) and 5.0-kb (SplI-EcoRI) fragments showed strong homology, while 0.8-kb (ApaI), 2.8-kb (BglII), 2.8-kb (KpnI) and 4.1-kb (NaeI-EcoRI) ones showed weak homology (Fig. 6c ), while the roiC probe was similar to 2.2-kb (ApaI), 2.8-kb (BglII), 2.5-kb (KpnI), 4.1-kb (NaeI-EcoRI) and 5.0-kb (SplI-EcoRI) fragments showed strong homology (Fig. 6d) . Therefore, the majority of the pRi1724 rolB and rolC homologs should be located on the 0.7-kb Kpnl-ApaI fragment and the 1.0-kb ApaI-KpnI fragment, respectively. The organization of these rol homologs was the same as that of the three rol genes of pRiA4b20). These facts together with the root-inducing ability of the 9.5-kb BamHI fragment support the view that pRi1724 bears three genes both functionally and structurally equivalent to the rolA, rolB and roiC genes of pRiA4b. The presence of rolA, rolB and rolC genes on both pRi1724 found in Japan and pRiA4b found in USA is very interesting. Filetici et al.6) reported that the highly conserved sequences are present on the T-DNAs of various opine-type Ri plasmids (e.g. agropine-type pRi185515), mannopine-type pRi81969), and cucumopine-type pRi26591)). Though the spread of A. rhizogenes is not well understood at present for lack of enough reports on wild isolates, similar bacteria may have distributed widely all over the world. DNA sequences analysis of the pRi1724 T-DNA, which is now in progress, might further shed a light on this regard.
